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By L. D. Muller, assistant professor, and M. J. Owens. 
Extension dairyman 
Dairy cattle have specific requirements for protein. 
A lack or deficiency of dietary protein will greatly 
depress growth in young animals and cause a reduc-
tion in milk production in lactating cows. Gestation 
may be interrupted if the deficiency is severe. 
The answer to how much protein to feed is based 
on the needs of the cow, depending on her age, size 
and milk production. Protein is needed to support 
four major functions-Body Maintenance, Growth, 
Reproduction, and Milk Production. 
B dy M ' n e 
Body maintenance takes first priority on the use 
of protein. Protein is used for the repair of tissues and 
growth of hair, hide, horns and other body functions. 
The maintenance requirement of a mature cow re-
mains fairly constant regardless of her milk produc-
tion level and is proportional to her body weight (ta-
ble 1). 
Table 1. Daily Protein Needs for Maintenance* 
Body 
weight 
Crude 
protein 
Digestible 
protein 
-----pound-----
800 ------------------ 1.04 
1000 ------------ ----- 1.30 
1200 ------------- ---- 1.51 
1400 ------------------ 1.67 
1600 ------- ----------- 1.86 
.49 
.61 
.71 
.79 
.87 
*Nutrient Requirements of Dairy Cattle, National Research Council, 
1971. 
Growth 
Growth allowances for protein in addition to 
maintenance are required during the first two lacta-
tions. About 200/4 more protein should be added to the 
maintenance allowance during the first lactation and 
100/4 during the second lactation to meet the protein 
requirements for growth. 
For example, if a first calf heifer weighs 1,200 
pounds, she would have a maintenance requirement 
of 1.51 pounds of crude protein (table 1). To meet her 
needs for growth, she needs an additional 20% more 
protein, or .30 pounds (1.51 x .20==.30) additional 
protein. Thus, she has a daily protein requirement of 
1.81 pounds for maintenance and growth (1.51 +.30 
==1.81). 
Reproduction 
During the last two months of pregnancy, addi-
tional protein is needed because about two-thirds of 
the weight of the unborn calf is made during this 
time. In table 2 is presented the protein needs for 
maintenance and pregnancy. A pregnant first calf 
heifer would need 20% more crude protein than 
shown in table 2. A pregnant second calf heifer would 
require 10% more protein. 
Table 2. Daily protein needs for maintenance and pregnancy. 
Body 
weight 
Crude 
protein 
Digestible 
protein 
------pound~----
800 ------- ----- ------ 1.30 
1000 -------------------- 1.62 
1200 ------- ----- ------ 1.86 
1400 -------------------- 2.07 
1600 -------------------- 2 .31 
Milk Production 
.72 
.89 
1.02 
1.14 
1.27 
Protein requirements for milk pfoduction depend 
upon both the amount of milk produced and its fat 
content (table 3). Protein for milk production be-
comes available after the animal takes care of its body 
maintenance requirement. 
When using table 3, multiply the protein factor 
times the pounds of milk produced to determine total 
protein requirement for milk production. 
Table 3. Daily protein needs for milk production. 
Percent 
milk fat 
Crude 
protein 
Digestible 
protein 
-lb. per lb. of milk-
3 .0 ------------------ .070 .045 
3.5 ------------------ .074 .048 
4 .0 ------------------ .078 .051 
4.5 ------------------ .082 .054 
5.0 ------------------ .086 .056 
5.5 ------------------ .090 .058 
Total Protein Requirements 
To determine the total protein needs of a cow, the 
requirements are added together. For example the 
requirements of a mature non-pregnant cow weigh-
ing 1,400 pounds and producing 60 pounds of 3.5 
percent milk are illustrated in table 4. 
Table 4. Maintenance and milk production requirements for 
protein example. 
Crude Digestible 
Requirement protein protein 
Maintenance, 1,400 pounds body weight ____ 1.67 
Production, 60 lbs./ day at 3.5% fat 
60 lbs. X .074 lbs. CP / lb . milk _______________ 4.44 
60 lbs. X .048 lbs. DP / lb. milk ________________ _ ____ _ 
T otal daily requirement, pounds _____________ 6.11 
.79 
2.88 
3.67 
Crude and Digestible Protein 
Protein requirements of the milking cow and the 
amounts contained in feedstuffs are expressed in terms 
of either crude protein or digestible protein. Digest-
ible protein values are based on feed digestion studies 
and reflect the amount of protein in the feed which 
the cow can digest and make available for useful pur-
poses. Crude protein values can be determined chem-
ically from the amount of nitrogen in the feed. Al-
though either term, crude or digestible, may be used, 
crude protein is more commonly used due to the ease 
of analysis of feedstuffs. In most cases the digestible 
protein requirement will be met if the crude protein 
needs are met. 
Exception to this may occur with low-moisture 
haylage (below 500/4 moisture) and baled hay that 
has gone through a "browning reaction." This forage 
may test high in crude protein, have a pleasing odor, 
and be consumed readily by cattle, but may be low in 
digestible protein. A brown, heated haylage may con-
tain nearly 50% less digestible protein than a similar 
non-heated material. For example, an average crude 
protein content for mid-bloom low-moisture silage 
may be 7.5% ( as fed basis) with the digestible protein 
about 5%. If this type of low-moisture silage were 
heat damaged, the digestible protein may be lowered 
to 3.5%. 
Use of Feeding Standards 
Although feeding standards and requirements are 
accurate and are especially helpful in showing the de-
ficiencies of a herd ration, they should be used pri-
marily as a guide. They do indicate the approximate 
needs of the cow and act as guides for meeting her 
requirements. Most dairymen do not go through the 
tedious task of balancing their ration each time they 
change forages. Guidelines have been developed to 
assist the dairyman in determining the amount of 
protein needed from a grain ration. 
Ration Protein Requirement 
Table 6 shows the ave-rage crude and digestible 
protein content of feeds commonly available to South 
Dakota dairymen. Forages are the basis of the dairy 
cattle ration, and both the kind and quality of forage 
greatly influence the amount of protein required in 
the grain ration. 
An illustration of the different crude protein con-
tent of forages can be seen by comparing alfalfa (12-
18%) and corn silage (7.5% air-dry basis). The in-
fluence of differing stages of maturity ( quality) of 
alfalfa on crude and digestible protein content can 
also be seen (18% crude protein early bloom vs. 12% 
crude protein full bloom). Under both situations, the 
protein content of the grain ration would differ great-
ly depending on the kind and quality of forage fed. 
The higher the protein content of the forage, the less 
supplemental protein needed in the grain mixture. 
A dairyman should strive to have the total ration 
( forage and grain mixture) contain 14'% crude pro-
tein (air-dry basis) to obtain the maximum milk pro-
duction from his dairy herd and to meet the protein 
requirements. An easy method to balance the ration 
for protein is to keep the 14% crude protein require-
ment for the total ration halfway between the crude 
protein percent of the forage and the grain mixture 
on an air-dry basis. For example, suppose the forage is 
entirely corn silage which has a protein content of 
about 7.5% on an air-dry basis. 
If 14% is going to be halfway between 7.5% and 
another number, the other number must be 20.5%. 
Thus, a 20.5% crude protein grain mixture is needed. 
If a high quality alfalfa hay with 18% crude protein 
is fed , then with 14% as the halfway point it can be 
seen that a grain mixture with 10% crude protein is 
needed . This method is accurate because high produc-
ing cows receive about half of their dry matter in the 
grain mixture and half as forage. 
Testing the forage for protein percent can aid the ' 
dairyman in determining the protein percent needed 
in the grain mixture. If the forage is not tested, table 
5 can serve as a guideline for the percent protein need-
ed in the grain mixture with different forages. In 
table 6 it is assumed that the alfalfa is grown as a pure 
stand. 
Table 5. Crude protein needed in the grain ration with 
different kinds and quality forages.* 
Forage 
Primarily legumd 
Percent crude protein 
needed in grain ration 
High quality (Early bloom) ___________________________________ 10-12 
Medium quality (Mid-bloom) --------------------------------- 13-15 
Low quality (Full bloom) ______ _________________________________ 16-18 
All corn silage ------------------------------------------- ____________________ 20-22 
High corn silage ___ ________________ -------------------------------------- 18-20 
Corn silage plus 10 lbs. urea per tont _______________________ 16-18 
Corn silage and legume (equal proportion) ____ _________ 14-16 
C-orn silage plus urea and legume (equal proportion) 12-14 
Prairie grass hay -------------------------------------------------------~- 20-22 
Oat silage _ _____ ___________ ___________ ___________ __________ ______ ____________ 15-17 
Pasture ( mixed legumes and grasses) 
Lush, early spring ----------------------------------------------- ________ 10-12 
Mid summer ___________ _______ ____ ----------------· ____________________ 13-15 
Late summer ______________________________ ------------------------------- 16-18 
*Extremely poor forage requires more protein than indicated. 
tHeatecl haylage may require more protein than indicated. 
+No urea should be added to g rain ration when urea is added to sil age. 
Formulating the Grain Ration 
After determining the percent protein needed in 
the grain ration, the dairyman should determine the 
amounts of grain and protein supplement needed to 
provide the desired protein level. Farm grains can 
make up a large portion of the grain ration, but most 
grain rations will need additional protein. 
10.0 
16 16 
44 _____ __. 
The following method can be used to determine 
the proportion of farm grains and protein supplement 
needed. For example, if a 16% protein grain ration is 
desired, how many pounds of a corn-oats mixture 
(10.0% CP) and a 44% CP supplement are needed? 
Step I-Draw a square and place the percent of pro-
tein desired in the middle (16). 
Step 2-At the lower left corner place the percent 
protein of the high protein feed ( 44% ). At 
the upper left corner place the percent protein 
of the farm grain mixture ( ½ corn and ½ 
oats averages 10.0% protein). 
Step 3-Subtract the number in the center of the 
square from the large number on the left and 
place the result at the corner diagonally op-
posite ( 44-16==28). 
Step 4-Then subtract the smaller number of the left 
from the number in the center and place the 
result at the corner diagonally opposite (16-
10.0==6.0). 
Step 5-The two numbers at the right hand corners 
of the square represent the pounds ( or parts by 
weight) of the farm grains and protein supplement 
needed to make a 16% protein grain ration. 
Step 6--It is usually more convenient to use these 
figures on a percentage basis. To do this, add the parts 
(28+6.0==34.0 to al parts) then · determine the per-
cent of each as follows : 
28.0--:-34.0X100==82.4% farm grains 
6--:-34.0X100==17.6% protein supplement 
Step 7-Therefore, if 2,000 pounds of a grain mixture 
is desired, 1648 pounds (82.4% of 2,000) of corn-oat 
mixture would be mixed with 352 pounds ( 17 .6% of 
2,000) of protein supplement. Now, only slight ad-
justments are needed for the addition of minerals, 
salt, vitamins, or other additives. 
When using more than one farm grain, the pro-
tein content will need to be averaged according to the 
proportion of each used. For example, if shelled corn 
(9°/4 CP), oats (11% ) and barley (12% CP) are to 
be included in the grain ration in the proportion of 
two parts corn to one part oats and one part barley, 
the following calculation needs to be performed : 
10.0 28 10.0 28 
16 16 
44 _____ _ 44 ______ 6.0 
(2 X 9)+(1 X 11)+(1 X 12) 
4 parts 
=41 or 10.2% protein 
This figure would then be entered in the upper left 
corner of the square. 
uying Pro ei upplemen s 
Protein usually is the most expensive portion of 
the grain ration for the dairy herd. It usually is most 
economical to purchase one of the high protein sup-
plements (30-50% protein) and feed only the amount 
needed. Any excess is used as energy and this is un-
economical. 
For dairy rations, the best buy in protein is the 
one that is cheapest per pound of protein. To find 
this cost, divide the cost of 100 pounds of supplement 
by the pounds of protein in 100 pounds. 
For example, a pound of protein in a supplement 
containing 44 percent protein and costing $7.00 per 
hundred would cost 16 cents per pound of protein 
(7.00--:-44==16c per pound of protein). Likewise, a 
pound of protein in a supplement containing 36 per-
cent protein and costing $6.12 per hundred would 
cost 17 cents per pound of protein (6.12--:-36==17c 
per pound of protein). 
In table 7 is presented the comparative value of 
protein supplements based on a protein basis only. To 
illustrate the use of the table, if soybean meal is· priced 
at $110 per ton, a 40% protein supplement would need 
to be priced at $100 or less per ton to be a more eco-
nomical purchase. 
If it is desired to include urea in the ration as a 
substitute for part of the more expensive plant protein, 
its nutritional value must be compared to the com-
monly used protein supplements. Urea supplies 
enough non-protein nitrogen to provide up to 6 or 7 
times more protein than most supplements. How-
ever, plant protein supplements are usually quite high 
in energy while urea contains no energy. 
Therefore as a guide, a dairyman should not use 
urea unless the cost of one pound of urea plus six 
pounds of grain (corn) is less than seven pounds of a 
protein supplement (soybean meal). For further in-
formation on feeding urea, ask for FS 406 "Urea for 
Dairy Cattle." 
Table 6. Average composition of feeds for protein. 
Dry Crude Digestible 
matter protein protein 
Feed stuff % --% as fed--
DRY FORAGES: 
Alfalfa hay 
(Early bloom) ________ 90 18.0 12.0 
(Mid-bloom) __________ 90 15.0 10.0 
(Full bloom) ________ 90 12.0 8.0 
Alfalfa-brome hay 
(Early cut) _ ___ _ ____ 90 15.0 10.0 
(Late bloom) _______ 90 12.0 7.0 
Red Clover hay 
(Early cut) __ ____________ 90 17.0 11.0 
(Late cut) ________________ 90 12.0 7.5 
Prairie hay __ __ ______________ 90 7.0 4.0 
SILAGES: 
Alfalfa, wilted* 
(Early bloom) 45 9.0 6.0 
(Mid-bloom) _____ _____ 45 7.5 5.0 
(Full bloom) __________ 45 6.0 4.0 
Corn -------------------------- 30 2.5 1.5 
Oat 
(Boot) ___________________ 45 8.0 5.0 
(Milk) __ ______ ____________ 45 6.5 3.5 
(Dough) _______________ 45 5.5 2.5 
Sorghum ____ ________________ 30 2.3 1.2 
GRAINS AND CONCENTRATES: 
Barley ----------------------- 90 12.0 9.5 
Corn and cob meal ___ 90 7.5 5.0 
Corn, shelled _____________ 90 9.0 6.7 
Linseed meal ______________ 90 36.0 32.0 
Milo --------------------------- 90 10.0 6.0 
Oats ---------------------------- 90 11.0 8.0 
Soybean meal ______________ 90 44.0 37.0 
Soybeans _____________________ 90 37.0 33.0 
Wheat -------------------------- 90 13.0 10.0 
*The digestible protein content of hea ted h aylage m ay be substantially 
lower. 
Table 7. Comparative value of protein supplements on a 
protein basis only.* 
Protein Soybean meal ( 44% protein) 
supplement $90/ ton $100/ ton $110/ ton $120/ ton $130/ ton 
32% protein $ 65.40 $ 72.70 $ 80.00 $ 87.20 $ 94.50 
36% protein _ 73.60 81.80 90.00 98.20 106.40 
40% protein __ 81 .80 90.90 100.00 109.10 118.20 
44% protein 90.00 100.00 110.00 120.00 130.00 
48% protein __ 98 .20 109.10 120.00 130.90 141.80 
52% protein _ 106.40 118.20 130.00 141.80 153.60 
60% protein _ 123.70 137.40 151.10 164.90 178.60 
*Some ex tra va lue can be given to commercial supplements for minerals 
and vitamin s and the services p rov ided by the feed company. 
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